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Bumi Nabung district consists of 6 villages with a total area of 7,810 ha which are divided into 251 ha of rain fed
rice lands, 4,908 ha of dry land, 1,317 ha of lowland, 1,158 ha of yards and 176 ha of others. Rumbia district
consists of 14 villages which has a total area of 22,696 ha of land consisting of 2,728 ha of yards, 17,358 ha of dry
land, 326 rainfed paddy field, 839 ha of swamp land, 1,470 ha of lowland and 4,232 ha of others.  Bumi Nabung and
Rumbia districts have a low soil fertility potential that is reflected by the lowof  soil pH, CEC, total N, available P,
and high level of exchangeable Al  and Al saturation. The results  assessment based on the physical and chemical
characteristics showed that Bumi Nabung district have 5 villages on suitable class S-2 (North Bumi Nabung, East
Bumi Nabung, Bumi Nabung Ilir, South Bumi Nabung, and Sri Kencono) and one village New Bumi Nabung has
less suitable class S-3. In the Rumbia District, there were 14 villages belonged to suitable class (S-2), namely Reno
Basuki, Rekso Binangun, Teluk Dalam Ilir, Rukti Basuki, Restu Baru, Restu Buana, Bina Karya Buana, Bina Karya
Putra, Bina Karya Jaya, Bina Karya Utama, Bina Karya Sakti, Joharan, Rantau Jaya Ilir and Rantau  Jaya Baru.
Bumi Nabung and  Rumbia districts have the potential fertility and land suitability for extensification and development
of soybean crops. The main technology components to support this program are the use of ameliorant (dolomite and
zeolite), the application of organic fertilizers (manure and compost) and inorganic fertilizers (NPK).
Upland area in Indonesia is quite wide, more
than  70  million  ha,  thus  providing  a  huge
opportunity for the extensification of  crops,
especially soybeans and corn (Abdurachman et al.
1998).  Dry  land  in  which  agro-ecological
characterized by acid Ultisol, Oxisol and an area
Entisol has the largest soybean planting. The main
problems of soybean cultivation in dryland Central
Lampung are a low pH (<5), high Al saturation
(12.0-40.1%), hugh Fe (41.30-73.43 ppm) with P
and K status are low (Taufiq et al. 2004). Soybean
tolerance to Al saturation was 20% (Hartatik and
Adiningsih 1987).
Based  on  the  description  of  production
constraints, the varies of commodity production are
influenced by the high variability of its agro-
ecology. This situation might have effect in a low
productivity of soybean in dry land whether the soil
is acid or not. To increase soybean production in
the acid dry land, the soil has to obtain sufficient
material consideration in determining agrocultural
practices.  Illustration nutrient dynamics of planting
system in a certain agro-ecological sustainability
provides the reference, stability of fertility, the
productivity of soybean and ensure a sustainable
production system.
Biophysical characterization of a target area
for the development of soybean production systems
in acid upland is very important to determine the
synthesis of site-specific farming technology.
Biophysical characterization will be the reference
basis for the empowerment of land by applying the
standard method of agricultural development due
to prescription farming  or  precision farming
(Shibusawa  2002). Through  the  description
potential of a region can help planners Regional
Development Plan (RPW) both at the village level
(RPWD),  demarcation of  district  and  wider
administrative region (Sudaryono 1994).
In the framework of the expansion of soybean
acreage planted to the acid dry land, the diagnostic
study and the land suitability on Bumi Nabung and86 Sudaryono et al.:  Land Suitability for Developing Soybean Crops
Rumbia districts, Central Lampung Regency were
needed to be done. By studying the soil physical
and chemical properties in the two districts, it were
expected that an input cultivation technology for
optimum soybean development in the region was
provided.
MATERIALS AND METHODS
Site Location
Research  was  conducted  from  May  to
September 2005 in the District of Bumi Nabung and
Rumbia, Central Lampung Regency, Indonesia.
Operational activities in the field were conducted by
the method of purposive sampling.  Soil sampling
was done by auger at 5 sampling points in each village
and then the soil was composed. Observations were
made directly in the sampling locations.
Soil Analysis
These research activities can be specified as
follows: (1) a physical description of the area
including  altitude,  climate (temperature  and
rainfall), physiography (slope), drainage pattern,
the degree of soil erosion and planting patterns
(cropping  pattern  and  crop rotation) and (2)
diagnostic studies include land and soil physical
and chemical characterizations including soil solum,
soil texture (qualitative test), levels of soil organic
matter, pH, CEC, total-C, total-N, Available-P, K,
S, Ca, Na, Mg, and Al.
There were 8 factors and 11 elements which
were considered in assessing land suitability for
soybean plants according to CSR-FAO (1983) and
Landon (1984) (Table 1), i.e. temperature, water
availability (dry months, rainfall),  root environment
(drainage, soil texture in the above layers, solum
thick and soil depth), retention of nutrients (CEC,
 
Characteristics 
Level of land suitability 
S1 
Very suitable 
S2 
Suitable 
S3 
Moderate 
suitable 
N 
Not suitable 
Score  4  3  2  1 
Temperature 
Average Temperature 
oC 
 
23-28 
 
29 - 30 
22 – 20 
 
21 - 32 
19 – 18 
 
> 32 
< 18 
Water Availability 
Dry Month (<75 mm) 
Average Rainfall (mm yr
-1) 
 
3 -7.5 
1,000-1,500 
 
7.6 - 8.5 
1,500-2,500 
1,000-700 
 
8.6 - 9.5 
2,500-3,500 
700-500 
 
> 9.5 
> 3,500 
< 500 
Root Environment 
Drainage 
Texture top soil
x) 
Soil Depth (cm) 
 
Moderate-Good 
L, S,CL, SiL, Si, CL, SiCL 
> 50 
 
Excessive 
SL, SC 
30-49 
 
Poor 
LS,SiC, C 
15-29 
 
Very poor 
G,S, Mass.C 
< 15 
Nutrient Retention 
CEC (me 100 g
-1) 
 pH (H2O) 
 
> 25 
6.0 - 7.0 
 
25 - 15 
7.1 - 7.5 
5.9 - 5.5 
 
         15 - 5 
7.6 - 8.5 
5.4 - 5.0 
 
< 5 
> 8.5 
< 20 
Nutrient Availability 
N total (%) 
P2O5 available (Bray 4) (mg kg
-1) 
P2O5 available (Olsen 3) (mg kg
-1) 
K  available (me 100
-1 g) 
 
> 1.0 - 0.5 
> 50 
> 15 
0.8 - 0.4 
 
0.5 - 0.2 
50 - 15 
15 - 5 
0.4 - 0.2 
 
0.2 - 0.1 
< 15 
< 5 
0.2 -0.03 
 
< 0.1 
< 5 
< 2 
< 0.03 
Salinity, mmhos cm
-1 
Sub soil 
 
< 2.5 
 
2.5 - 4 
 
4 - 8 
 
> 8 
Slope of Land (%)  0 - 5  5 - 15  15 - 20  > 20 
Al saturation (Al/CEC) %   < 20  20 - 30  30 - 40  > 40 
 
Source: CSR-FAO (1983); Landon (1984)
x) Texture: C = Clay; CL = Clay loam; L = Loam; SCL = Sandy clay loam; SC = Sandy clay; SL = Sandy loam;  Si = Silt;
SiC = Silty clay; SiL =  Silt loam;  S =  Sand; C = Gravels; and Mass C = Massive clay.
Table 1. Criteria of land suitability for soybean plants.
Moderately
suitable
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pH), nutrient availability (levels of P, K), salinity
(below soil layer), the slope of the land and the
Aluminum (Al) saturation .
Criteria land suitability for soybeans was
divided by four, namely : very suitable (S1), suitable
(S2), less (moderate) suitable (S3), and not suitable
(N), in that each expressed as score of  4, 3, 2, and
1 (Table 1), and successively weighs 100, 75, 50,
and 25%. Determination of point value of land
suitability for soybean is shown in Table 2.
RESULTS AND DISCUSSION
Physical description of  Bumi Nabung  and
Rumbia Districts
Bumi Nabung and  Rumbia are two of districts
among 26 districts in the Central Lampung Regency.
Both areas have agricultural assets with the same
commodity. This situation is caused by similar
conditions of topography and climate/weather.
Bumi Nabung and Rumbia have altitude of about
35-50 m asl (above sea level). Both areas put the
rice as main food commodities, followed by cassava
and maize. Soybeans are still few cultivated plants
in both regions, because many obstacles to ensure
its production.
Bumi Nabung  have 6 villages with a total area
of 7,810 ha,  consisted of  251 ha of rainfed rice
lands, 4,908 ha of  dry land (tegal), 1,317 ha lowland
(lebung), 1,158 ha  yards and 176 others (BPS
2004). This region has a major topography  (94%)
and even a small portion (6%) cycle with a slope of
6-10%. Rumbia district has 14 villages covering a
total area of 22,696 ha of land consisting of 2,728
ha grounds, 17,358 ha  dry land, 326 rainfed paddy
field, 839 ha swamp land, 1,470 he  lowland and
4,232 ha of others. This region has largely flat
topography and a small cycle with a slope of 6-
10% (BPS 2004).
 Weather conditions during the ten-year periods
of year 1995-2005 in the district Bumi Nabung
showed that the highest annual rainfall of 3,267 mm
/ year occurred in 1995 and the lowest of 744 mm
Land Suitability  Score  Percentage (%)  Point value of suitability* 
S-1 = very suitable  4  100  3.6 - 4.0 
S-2 = Suitable  3  75  2.6 -  3.5 
S-3 = moderate suitable  2  50  1.6 -  2.5 
N = Not suitable  1  25  1.0 -  1.5 
   Note: *percentage interval is 25%, plus or minus point value of suitability is accounted by
interval  12.5%.
Table 2. Determination point value of land suitability for soybean crop.
yr-1 occurred in 2003. In general, this area has 6
wet months (October to April) and  6 dry months
(May-September) (BPTP 2005a). During ten years
periods  the year 1994-2003  weather conditions in
the Rumbia districts showed that the highest annual
rainfall of 2,905 mm yr-1 occurred in 1995 and the
lowest of 743 mm / year occurred in 2002. In
general, this area has 6 wet months (October to
April) and 6 dry months (May-September) (BPTP,
2005b).
 Cropping patterns in rainfed rice field  in both
districts were not different,  the influence of weather
and climate were similar. Cropping patterns in
rainfed rice field included: (a) Bera-lowland rice-
beans, (b) paddy rice-vegetable crops. Cropping on
dry land (tegal) included: (a) Upland Rice-maize-
cassava, (b) Maize-Maize-cassava, (c) Maize-
cassava. Fertilizers recommendations for soybean
in Rumbia district were 75 kg Urea + 150 kg SP-36
+ 100 kg KCl and ZA 50 kg ha-1 (BPTP 2005a;
2005b).
 Soil conditions in the district of Bumi Nabung
and Rumbia have much in common. Most soil types
(99%) is a Red-Yellow Podsolic or Ultisol and have
a surface drainage and internal drainage quite well.
Thick layer of top soil was generally shallow
ranging from 15-30 cm, followed by a dense layer
with a thickness varying between 20-45 cm and then
followed by a sub soil  horizon. Soil fertility
conditions in general varied from a low to moderate.
The soil reaction was generally acid with a soil pH
range between 4 to 5.5 and low levels of organic
material (<3%) (BPS 2004).
Mineral composition of acid upland  was
dominated by clay minerals  1:1 type, so the use of
organic fertilizer will also be a standard component
in soybean cultivation in upland acid to increase
soil organic matter levels, soil moisture holding
capacity, soil cation exchange capacity (CEC), and
some amount of soil organic colloids can chelate
Al and Fe compounds. This situation will help to
control acidity and toxicity of plants by Al and Fe.
The addition of P fertilizer and K nutrient were88 Sudaryono et al.:  Land Suitability for Developing Soybean Crops
needed due to the availability of indigenous P and
K on acid dry land are generally low.
Soil Fertility in Bumi Nabung
Agricultural land in the top soil (0-20 cm) and
bottom (20-40 cm) of soil layer in the Bumi Nabung
district is acid soil with pH ranged from 3.75 to
4.30 (Tabel 3). In general, pH of sub the soil is
higher than the top soil. Difference in pH value
between pH KCl and H2O is very small, it means
that the types of minerals in the two districts Ultisol
contains no permanent charge minerals (variable
charge). Elements of soil acidity can be derived
from the high rate contents of H-exchanged and Al-
exchanged. This was also indicated by the levels of
exchangeable Al > 1 me 100 g-1 soil and the degree
of Al saturation > 30%. In general, C-organic
content in the top soil of Bumi Nabung district was
still low which in the ranged 1.56-2.3% or equal to
2.68-3.96% give organic matter.  C-organic content
of the lower layer was generally lower than the top
layer, which ranged 1.19-1.94%  is equal to 2.05-
2.68% of soil organic matter. A nutrient level of
phosphorus (P) on the top soil varied between 5.58
to 26.10 ppm and has low to moderate fertility
status. Status of potassium (K) was very low,
ranging from 0.07 to 0.09 me 100g-1 soil and this
value far from the low status in which below 0.2
me 100 g-1 soil. Available soil calcium (Ca) in this
district was very low ranging from 0.87 to 1.29 me
100g-1 soil while the low status was below 4 me
100g-1  soil. Status of magnesium (Mg) was  low,
ranging from 0.27 to 0.48 me 100 g-1 soil. Further
confirmed by Truog (1973) and Landon (1984) that
the soil with a pH <4.5 has low nutrients availability
of P, Ca, Mg, Mn, Cu and Zn. The soil chemical
characteristics in Bumi Nabung districts  are shown
in Table 3.
Soil Fertility in Rumbia District
Table 4 showes that agricultural soil in the top
soil layer (0-20 cm) in the Rumbia districts had an
acid soil pH, ranging from 3.90 to 4.40. Levels of
soil C-organic in top soil layers ranged from 1.19
to 2.58% or equal to 2.05 to 4.44% of soil organic
matter. C-organic content of the soil layer below
(20-40 cm) was generally lower than the top layer,
which ranged 1.19-1.94% or equal to 2.05-2.68%,
of soil organic matter. There were three villages
(25% of locations) which had enough level of soil
organic matter that were Reno Basuki, Restu Baru
and Sri Kencono villages while other 75% villages
had low level of organic carbon. Soil total N levels
in the 12 villages were very low (<0.1%). Total N
levels in top soil was relatively high compared to
the  sub soil. Nitrogen fertilizer  could not be
abandoned or reduced to obtain plant growth
performance and optimal yields. Nutrient levels of
P in the top soil at  Rumbia districts were ranging
from a low to very high. Nutrient levels of  P in top
soil were generally higher than that in the sub soil.
There were two villages namely Bina Karya Putra
and Bina Karya Jaya had low P nutrient levels (<12
ppm P Bray I). Levels of S in the soil in the two
districts  of Bumi Nabung and Rumbia were
generally quite high (> 20 ppm), and some had very
high > 100 ppm. This gave a good indication of the
S aspects in soil fertility.
No 
pH  Org-C  Tot-N  P-Bray I  SO4  K  Na  Ca  Mg  CEC  Al-ex  H-ex  Al-sat 
H2O  KCl  …….. % ……..  …… ppm …….    ……………..….…....  me 100g
-1  ………………………  % 
1  4.20  4.00  1.56  0.06  5.58    22.5  0.09  0.130  1.09  0.43  11.60  1.03  0.23  34.33 
2  4.20  4.00  1.19  0.05  2.91    26.3  0.11  0.130  1.05  0.42  21.60  1.14  0.40  35.08 
3  4.30  4.05  1.56  0.05  26.10    18.1  0.08  0.130  0.87  0.41  8.73  0.91  0.34  33.21 
4  4.15  3.90  1.19  0.04  9.74    18.4  0.07  0.150  0.99  0.42  11.60  1.03  0.23  35.64 
5  3.75  3.80  1.66  0.09  6.73    276.0  0.08  0.110  0.49  0.27  21.60  2.85  0.86  61.16 
6  3.85  3.85  1.61  0.06  5.91    291.0  0.09  0.130  0.63  0.31  11.60  3.19  0.03  72.83 
7  4.30  4.00  1.66  0.03  21.10    20.4  0.07  0.130  1.01  0.44  18.50  0.91  0.24  32.50 
8  4.20  4.00  1.94  0.05  7.99    28.9  0.06  0.110  0.81  0.36  21.10  1.14  0.30  41.01 
9  4.20  4.05  2.30  0.04  12.80    22.9  0.08  0.170  1.29  0.48  21.10  0.68  0.47  21.45 
10  4.25  4.00  1.56  0.06  3.24    19.5  0.09  0.130  1.06  0.46  21.10  1.14  0.21  36.89 
11  4.30  4.00  1.76  0.04  20.10    21.4  0.09  0.120  1.11  0.42  19.50  0.95  0.26  47.50 
12  4.25  4.00  1.84  0.06  8.99    27.9  0.07  0.100  0.91  0.46  20.10  1.12  0.32  60.21 
 
Tabel 3. Soil chemical properties of  Bumi Nabung district, Cemter Lampung Regency.
Note: Singular number  = top soil  (0-20 cm); Plenary number = sub soil  (20-40 cm); Al-ex = Al exchangeable; H-
ex = H exchangeable, Al-sat = Al saturation; Site No. 1-2 = Bumi Nabung Utara;  3-4 = Bumi Nabung Ilir; 5-
6=Bumi Nabung Baru; 7-8=Bumi Nabung Timur; 9-10=Sri Kencono  11-12 = Bumi Nabung Selatan.89 J Trop Soils, Vol. 16, No. 1, 2011: 85-92
Potency of Soybean Development  in Bumi
Nabung and Rumbia
Soybeans  require  specific  growing  of
environmental conditions viz.climate,  water
availability and soil conditions. Criteria for land
suitability for soybeans farming were divided by
four, namely: very suitable (S1), suitable (S2),  less
suitable (S3) and not suitable (N) as presented in
Table 1. This important measurement was known
as a guide in the planning, implementation and
development of soybean cultivation technology.
Basic technological components were determined
by agro-ecological characteristics.
Theoretically soybeans were grown in the
following conditions (1) grows at an altitude of 0-
1,500 m asl (above sea level) and  optimum at about
650 m asl, (2) optimum temperature 29.4oC, (3)
shade tolerance <40%, (4) able to adapt to a broad
climate; optimum climate type C1-2, D1-3, and E1-
2, (5) cropping day light of soybean was short (<12
hours per day), (6) water consumption was 64-75
cm every cropping season or equal to 200-300 mm
rainfall  every growing season, (7) adapted to the
soil but the vast and fertile soil, the optimum pH
6.2-7.0, Al saturation <20% and (8 ) for every
weight of soybean seed, the nutrient transport was
more or less by 66 kg N, 15.5 kg P, 39.7 kg of K,
7.5 kg of Mg and 7.0 kg of S (Baharsjah et al. 1985;
Halliday and Trenkel 1992; Hartatik and Adiningsih
1987; Widjaja-Adhi 1985).
No 
pH  Org-C  Tot-N  P-Bray I  SO4  K  Na  Ca  Mg  CEC  Al-ex  H-ex  Al-sat 
H2O  KCl  … .… % ……..  ……. ppm …….    ……… ……..….…....  me 100g
-1  ………………………  % 
 1  3.90  3.90  1.53  0.05  36.80    147.0  0.05  0.068  0.78  0.31  14.50  1.60  0.43  49.41 
 2  4.10  3.85  0.72  0.03    1.47    297.0  0.06  0.069  0.85  0.35  17.50  2.17  0.43  55.23 
 3  4.40  4.05  1.48  0.06  55.50    37.0  0.05  0.070  0.99  0.37  11.60  1.14  0.02  43.18 
 4  4.15  4.05  0.78  0.03  2.82    309.0  0.03  0.047  0.66  0.24  11.60  1.14  0.50  43.56 
 5  3.95  3.90  2.28  0.04  43.40    41.4  0.07  0.060  0.83  0.33  14.50  1.03  0.23  40.39 
 6  4.40  4.10  1.15  0.03  1.61    246.0  0.05  0.090  0.52  0.25  14.50  1.26  0.38  49.41 
 7  4.30  4.00  2.58  0.06  263.00    30.6  0.19  0.190  2.50  0.56  23.80  0.11  0.27  2.88 
 8  4.25  4.15  1.30  0.04  3.92    60.3  0.09  0.130  1.03  0.40  29.10  0.91  0.15  33.58 
 9  4.30  4.10  1.51  0.03  97.50    22.0  0.08  0.090  1.20  0.37  26.40  1.14  0.30  35.85 
10  4.45  3.90  1.79  0.03  6.91    192.0  0.08  0.070  0.81  0.35  21.10  0.68  0.28  29.96 
11  4.20  3.85  1.19  0.06  4.25    17.2  0.06  0.130  0.92  0.47  21.60  1.26  0.19  41.58 
12  4.40  4.00  1.38  0.05  1.34    172.0  0.07  0.110  1.24  0.50  15.80  0.68  0.38  22.82 
13  4.20  3.90  1.30  0.05  9.34    19.9  0.10  0.110  1.07  0.50  18.50  1.26  0.29  37.84 
14  4.40  3.90  1.62  0.05  1.38    10.7  0.05  0.110  1.54  0.51  23.80  0.80  0.17  25.16 
 
Note: Singular number  = top soil  (0-20 cm); Plenary number = sub soil  (20-40 cm); Al-ex= Al-exchangeable; H-ex = H-
exchangeable, Al-sat = Al-saturation. Site No. 1-2 = Rekso Binangun; 3-4 = Rukti Basuki; 5-6 = RenoBasuki; 7-8 =
Restu Baru;  9-10 = Restu Buana; 11-12 = Bina Karya Putra; 13-14 = Bina Karya Jaya.
Table 4.  Soil chemical properties in Rumbia District, Central Lampung Regency.
Tables 5 and 6 reported the land suitability for
soybean plants. According to dignity, conformity
assessment fields criteria of soybean as shown in
Table 1 and 2 it can be argued that from 6 villages
in the Bumi Nabung district can be classified into
two fitness classes for soybeans, according to the
class (S-2) the village consisted of 5 villages which
were North Bumi Nabung, East Bumi Nabung,
Bumi Nabung Ilir, South Bumi Nabung, and Sri
Kencono; and a village of New Bumi Nabung had
less dignity appropriate class (S-3). Rumbia district
had 14 villages which all had a dignity appropriate
class  (S-2), which were Reno Basuki, Rekso
Member, Teluk Dalam Ilir; Rukti Basuki, Restu
Baru, Restu Buana, Buana Bina Karya, Bina Putra
Karya, Bina Karya Jaya, Bina Karya Utama, Bina
Karya Sakti, Joharan, Rantau Jaya Ilir and Rantau
Jaya Baru.
There are physical characteristics that can not
be or very difficult to manipulate, ie temperature
and  rainfall.  Soil  physical  and  chemical
characteristics were likely to be improved. Thus,
the possibility to increase the dignity of the land
suitability class of the S-3 (not appropriate) to S-2
(match) and even a S-1 (very appropriate) in the
Bumi Nabung  and  Rumbia  district,  Central
Lampung Regency were very large. Development
of soybeans in acid dry land can not escape from
the soil acidity constraints resulting from aluminum
(Al) and iron (Fe) compounds. Thus, technical
measurement of the soil amelioration will be part90 Sudaryono et al.:  Land Suitability for Developing Soybean Crops
of the standard technology components to reduce
the Al and Fe activity in acid dry land. The use of
agricultural lime in the form of CaCO3 and Dolomite
and organic material to improve land productivity
has long been recommended and done (Kamprath
1972; Mengel et al. 1987). Liming can be effective
if the saturation acidity (Al + H) > 10% and soil
pH <5 (Wade et al. 1986).
Practical actions suggested are (1) improving
soil physical fertility through land preparation to
achieve sufficient condition of soil solum (40-50
cm), loosing soil structure, increasing moisture
holding capacity, (2) improving the fertility of soil
chemistry through amelioration (zeolite, dolomite,
lime, ameliorant organic), organic fertilization and
inorganic (NPK, and certain micro-nutrient), (3)
repairing of biological fertility with fertilizers
containing biological soil microbes, especially
phosphate solubilizing microorganism, vesicular
arbuscular mycorrhiza, and non-symbiotic N-fixing
bacterial, and (4 ) settings cropping pattern  or
rotation cropping are more productive.
CONCLUSIONS
Agricultural land in the districts of Bumi
Nabung and Rumbia  had a low fertility soil to grow
soybean plants. Development of soybean production
in these two districts should be supported by
technology  components  such  as    soybean
cultivation, utilization of  soil ameliorant (dolomite,
agricultural lime, zeolite), fertilization with organic
fertilizers  (compost,  manure) and  inorganic
fertilizer (NPK).
Most agricultural land in these two districts
have the suitable (appropriate) for soybean (S-2)
and a small percentage of less suitable (S-3).
Increased suitability classes from S-3 to S-2 and
even S-1 might be made possible by manipulation
of the physical and chemical characteristics of soil
with addition of soil ameliorant zeolite, dolomite
or ameliorant organic, as well as organic and
inorganic fertilizations.
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